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CALCULATI NG FOR SYSTEM EFFI CI ENCY
SOLVES FAN LOSSES
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| NTRODUCTI ON

Heating, ventilating and air conditioning (HVAC) duct system
designers are faced with many deci sions once | oad cal cul ati ons
have been conpleted and the type of HVAC system (constant vol une,
variable air volune, etc.) has been selected. The follow ng
itens affect the supply air fan volune and total pressure
capacity and therefore the fan sel ection:

S Duct construction materials

S Duct system | ayout

S Duct systenCfittings and strai ght duct
S Duct | eakage

S ASystem Ef f ect 0

S Testing, adjusting and bal anci ng ( TAB)

Wien a return air fan is included in the systemdesign, this

di scussion applies to both fans as a unit. The inportant thing
to remenber is the fan affinity laws. Wen the fan airflow (L/s
or cfm) or the fan speed (rpm changes only ten percent (10% the
fan static pressure or total pressure changes about twenty-one
percent (21%, and the fan power (watts or brake horsepower)
changes about thirty-three percent (33%. Therefore, to prevent
the TAB contractor frombeing required to increase fan speeds at
the end of the HVAC systeminstallation, the duct system designer
must be aware of how the above listed itens affect system
efficiency.



DUCT CONSTRUCTI ON MATERI ALS

The duct friction loss charts in Chapter 32 of the 1997 ASHRAE
Fundanent al s Handbook are based on standard air flow ng through
aver age, clean, round, galvanized netal ducts with beaded slip
couplings on 1200 mm (48 inch) centers and an absol ute roughness
of 0.09 mm (0.0003 ft). The previous duct friction |oss charts
were based on 750 nm (30 inch) joints and an absol ute roughness
of 0.15 mm (0.0005 ft). Many conputer software prograns and duct
calculators still use the obsol ete ol der val ues.

Actual air volune is used to determ ne duct friction |oss using
the friction loss charts. This loss is nmultiplied by correction
factor(s) to obtain the adjusted duct friction loss. Correction
factors for flexible duct and acoustic duct lining at duct
velocities of 10 mis (2000 fpm can be as high as 2. 34.
Therefore a cal cul ated system strai ght duct static pressure |oss
of 500 pascals (2 in.w.g.) Wuld increase to 1170 Pa (4.6
in.wg.).

DUCT SYSTEM LAYQUT

Many duct system | ayouts are sinple and straight forward with a
m ni mum of duct fittings. Mny |long and conplicated systens with
reasonabl e pressure drops are designed with | ow pressure | oss
duct fittings and | ow aspect ratio rectangular or round spiral
ductwork. The problem arises when the systeminstaller has to
add additional fittings to avoid beans, piping or conduct of
other trades. A few added high pressure loss fittings can doubl e
the designer:zs cal cul ated total system pressure |oss. For
exanpl e, only one Aaround-the-beani fitting (Figure 1), if added
W t hout turning vanes where the duct velocity is 10 m's (2000
fpm, would add 554 Pa (2.31 in.w.g.) to the system pressure
loss. The fitting pressure loss is obtained by multiplying the

| oss coefficient (C) by the systemvelocity pressure at that
poi nt .

METRI C (SI) CALCULATI ONS

Vel ocity pressure of 10 ms = 60 Pa
Fitting pressure loss (L/H=2) = 9.24 x 60 = 554 Pa

ENGLI SH (I P) CALCULATI ONS

Vel ocity Pressure of 2000 fpm= 0.25 in.wg.
Fitting pressure loss (L/H = 2) 9.24 x 0.25 = 2.31 in.wg.



FI GURE 1 RECTANGULAR DUCT W TH 4- 90E
M TERED ELLS TO AVO D AN OBSTRUCTI ON

DUCT SYSTEM COVPONENTS
STRAI GHT DUCT LOSSES

Pressure drop in a straight duct section is caused by surface
friction, and varies with the velocity, the duct size and | ength,
and the interior surface roughness. Friction loss for round
ducts is determined fromAir Duct Friction Loss Charts found in
chapter 32 of the 1997 ASHRAE Fundanent al s Handbook. They are
based on standard air with a density of 1.204 kg/nf (0.075 |b/cu.
ft.) flow ng through average clean round gal vani zed netal ducts.

In HVAC work, the values fromthe friction | oss charts may be
used without correction for tenperatures between 10EC to 60EC
(50EF to 140EF) and up to 600 m (2000 ft.) altitude. Tables 1
(Page 4) and 2 (Page 5)may be used where air density is a
significant factor, such as at higher altitudes or where high
tenperature air is being handled, to correct for tenperature
and/or altitude. The actual air volune (L/s or cfm) is used to
find the duct friction loss, which is multiplied by the
correction factor(s) to obtain the adjusted duct friction | oss.

As HVAC duct systens are sized first as round ducts, rectangul ar
duct sizes are selected to provide flow rates equivalent to those
of the round ducts originally selected. Tables In ASHRAE Chapter
32 give the circular equivalents of rectangul ar ducts for equal
friction and airflow rates for aspect ratios not greater than
8:1, although ratios above 4:1 are not recommended. Note that
the nean velocity in a rectangular duct wll be less than the
velocity for its circular equivalent. Therefore round or square
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ducts will be nore energy efficient than rectangul ar ducts.
Efficiency decreases as the aspect ratio increases. This also
applies to flat oval ductwork.

TABLE 1 AIR DENSITY CORRECTI ON FACTORS (METRIC UNITS)

Sea

Altitude (m) Level 250 500 750 1000 1250 1500 1750 2000 2500 3000
Barometer (kPa) 101.3 98.3 96.3 93.2 90.2 88.2 85.1 83.1 80.0 76.0 71.9
Air Temp OE 1.081.0 1.05 1.02 0.99 0.96 0.93 0.91 0.88 0.86 0.81 0.76
EC 20E 0 0.97 0.95 0.92 0.89 0.87 0.84 0.82 0.79 0.75 0.71
50E 0.91 0.89 0.86 0.84 0.81 0.79 0.77 0.75 0.72 0.68 0.64
75E 0.85 0.82 0.80 0.78 0.75 0.73 0.71 0.69 0.67 0.63 0.60
100E 0.790.7 0.77 0.75 0.72 0.70 0.68 0.66 0.65 0.63 0.59 0.56
125E 4 0.72 0.70 0.68 0.66 0.64 0.62 0.60 0.59 0.55 0.52
150E 0.70 0.68 0.66 0.64 0.62 0.60 0.59 0.57 0.55 0.52 0.49
175E 0.66 0.64 0.62 0.62 0.59 0.57 0.55 0.54 0.52 | 0.440. 0.46
200E 0.62 0.61 0.59 0.57 0.56 0.54 0.52 0.51 0.49 47 0.44
225E 0.59 0.58 0.56 0.54 0.53 0.51 0.50 0.48 0.47 0.44 0.42
250E 0.56 0.55 0.53 0.52 0.50 0.49 0.47 0.46 0.45 0.42 0.40
275E 0.54 0.52 0.51 0.49 0.48 0.47 0.45 0.44 0.43 0.40 0.38
300E 0.51 0.50 0.49 0.47 0.46 0.45 0.43 0.42 0.41 0.38 0.36
325E 0.49 0.48 0.47 0.45 0.44 0.43 0.41 0.40 0.39 0.37 0.35
350E 0.47 0.46 0.45 0.43 0.42 0.41 0.40 0.39 0.38 0.35 0.33
375E 0.46 0.44 0.43 0.42 0.41 0.39 0.38 0.37 0.36 0.34 0.32
400E 0.44 0.43 0.41 0.40 0.39 0.38 0.37 0.36 0.35 0.33 0.31
425E 0.42 0.41 0.40 0.39 0.38 0.37 0.35 0.34 0.33 0.32 0.30
450E 0.41 0.40 0.38 0.37 0.36 0.35 0.34 0.33 0.32 0.31 0.29
475E 0.390.3 0.38 0.37 0.36 0.35 0.34 0.33 0.32 0.31 0.29 0.28
500E 8 0.37 0.36 0.35 0.34 0.33 0.32 0.31 0.30 0.28 0.27
525E 0.37 0.36 0.35 0.34 0.33 0.32 0.31 0.30 0.29 0.27 0.26

Standard Air Density, SeaLevel, 20EC = 1.2041 kg/m® at 101.325 kPa

DUCT FI TTI NG LOSSES

As denonstrated above, the actual fitting pressure loss is equal to
the 1 oss coefficient (C) times the velocity pressure. Therefore,
the nost efficient duct fittings have the | owest | oss coefficients.
Also as the duct velocity pressure increases as the square of the
velocity, restraining duct velocities also adds to system fan
energy efficiencies.

TURNI NG VANES M SSI NG

For many years, sheet netal contractors, often with the system
desi gner:zs approval, have elimnated every other turning vane from
the vane runners installed in rectangular mtered duct el bows.
Some contractors even believed that they would | ower the pressure



| oss of duct el bows by doing this.
practice nore than doubl es el bow pressure | osses,
not recomended.

But they were w ong!

Thi s

and definitely is

TABLE 2 AIR DENSITY CORRECTI ON FACTORS (I1.P. UNITS)

Sea

Altitude (ft) Leve 1000 2000 3000 4000 5000 6000 7000 8000 9000 10,000
Barometer 29.92 28.86 27.82 26.82 25.84 24.90 23.98 23.09 22.22 21.39 20.58
(in.Hg) 407.5 392.8 378.6 365.0 351.7 338.9 326.4 314.3 302.1 291.1 280.1

(in.w.g.)
Air Temp 1.26 122 117 113 1.09 1.05 1.01 0.97 0.93 0.90 0.87
EF 1.15 111 1.07 1.03 0.99 0.95 091 0.89 0.85 0.82 0.79
40E 1.06 1.02 0.99 0.95 0.92 0.88 0.85 0.82 0.79 0.76 0.730.69
70E 1.00 0.96 0.93 0.89 0.86 0.83 0.80 0.77 0.74 0.71 0.65
100E 0.95 0.92 0.88 0.85 0.81 0.78 0.75 0.73 0.70 0.68 0.60
150E 0.87 0.84 0.81 0.78 0.75 0.72 0.69 0.67 0.65 0.62 0.55
200E 0.80 0.77 0.74 0.71 0.69 0.66 0.64 0.62 0.60 0.57 0.51
250E 0.75 0.72 0.70 0.67 0.64 0.62 0.60 0.58 0.56 0.58 0.48
300E 0.70 0.67 0.65 0.62 0.60 0.58 0.56 054 0.52 0.50 0.45
350E 0.65 0.62 0.60 0.58 0.56 054 0.52 0.51 0.49 0.47 0.42
400E 0.62 0.60 0.57 0.55 0.53 0.51 0.49 0.48 0.46 0.44 0.40
450E 0.58 0.56 054 0.52 0.50 0.48 0.46 0.45 0.43 0.42 0.38
500E 0.55 0.53 0.51 0.49 0.47 0.45 0.44 0.43 0.41 0.39 0.36
550E 0.53 0.51 0.49 0.47 0.45 0.44 0.42 0.41 0.39 0.38 0.34
600E 0.50 0.48 0.46 0.45 0.43 0.41 0.40 0.39 0.37 0.35 0.32
700E 0.46 0.44 0.43 0.41 0.39 0.38 0.37 0.35 0.34 0.33 0.29
800E 0.42 0.40 0.39 0.37 0.36 0.35 0.33 0.32 0.31 0.30 0.27
900E 0.39 0.37 0.36 0.35 0.33 0.32 0.31 0.30 0.29 0.28 0.25
1000E 0.36 0.35 0.33 0.32 0.31 0.30 0.29 0.28 0.27 0.26

Standard Air Density, SeaLevel, 70EF = 0.075 Ib/cu ft at 29.92 in. Hg

Figure 2 is a chart devel oped fromresearch performed by ETL
Laboratories in Cortland, New York. ETL tested single thickness
turning vanes with a radius of 114 mm (42 in.). The distance
bet ween vanes was varied from75 nmto 165 mMm (3 in. To 62 in.)
inincrements of 6 M (1/4 in.) using enbossed rail runners.
Airflow velocities varied from5 to 12.5 nms (1,000 to 2,500 fpm
in a 600 nrmx 600 nm (24 in. X 24 in.) mtered elbow. The |oss
coefficient of 0.18 for the standard spacing of 88 mm (3 1/4 in.)
may be conpared with the | oss coefficient of 0.46 at 165 mm (6 2
in.) spacing (every other vane mssing). The pressure |oss of
the el bow with m ssing turning vanes was over 22 tines the
pressure | oss of a properly fabricated el bow containing all of

t he vanes.

BRANCH LOSSES

The loss in a branch connection (tee or we) depends on the ratio
of the velocity of the diverted flowto the total flow, the areas
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of the main duct and branch, and the takeoff geonetry. The total
pressure | oss coefficients for a variety of branch configurations
for rectangul ar ductwork are shown in Figure 3.

FI GURE 2 TURNI NG VANE RESEARCH

The total pressure loss of a tee or we is a function of the
branch velocity to the upstream main duct velocity using the
nomencl ature (Vo/ Vc) shown in the figures.

For exanple, data fromthe duct fitting research program shows

t hat an i nexpensive 45E entry branch from a rectangul ar main
(Table A) is a far nore efficient fitting to use than a
rectangul ar branch with an expensive extractor (Table D). Using
a W/ V. velocity ratio of 1.0, and a Q/Q airflowratio of 0.5,
the follow ng can be extracted fromthe tables and conpar ed.

| f a commonly used round branch (Table B) or rectangul ar branch
(Table C) is added to the fitting |oss coefficient conparison,
one can see that the use of extractors should be elimnated, as
they al so can create other problens imedi ately downstreamin the
mai n duct. They basically barely inprove the fitting | oss
coefficient val ue.



FI GURE 3 FI TTI NG LOSS CCEFFI Cl ENTS

To conpare the |l oss coefficient value under the sane conditions:
S 45E entry branch, C = 0.74

S round branch, C = 1.26

S rectangul ar branch, C = 1.27

S extractor in branch, C=1.21



The 45E entry fitting is 164% nore efficient than the extractor
fitting.

Regardl ess of the configuration used, all branches should contain
a bal anci ng danper.

DUCT Al R LEAKAGE

The amount of air |eaking fromduct systens is not a nystery.
Table 3 (Page 10), Table 4 (Page 11), and Figures 4 and 5 (Page
9) may be used by HVAC system designers to predict the anmount of
air | eakage based on their duct plans and specifications. The
cal cul at ed anount of air | eakage should be added to the sel ected
fan capacity and so noted either in the specifications or on the
drawings. This allows TAB technicians to nore easily verify
actual system conditions, and properly specified sizes of

adj ustabl e fan drives should be able to handl e any changes
required by the TAB work. Many fan drives, fan notors, and

el ectrical services to the fans have had to be changed because
duct systemair | eakage was ignored by the system designer.

The | eakage classes in Table 3 (Page 10) are based on seal

cl asses (how the ductwork is sealed with mastic). The | eakage

cl ass designation is based on the average anount of |eakage (L/s
per square nmeter or cfmper 100 square feet) of duct surface with
an average internal static pressure of 250 pascals (1 inch water
gauge). The charts in Figures 4 and 5 (Page 9) are used for

ot her average internal duct pressures.

METRI C EXAMPLE

In metric units, 465 square neters of rectangul ar duct at 250
pascal s average pressure using seal class C and | eakage cl ass 24
(transverse joints only) would | eak 558 L/s (465 x 1.2 = 558
L/s).

Usi ng seal class B and | eakage class 12, the sanme ductwork woul d
|l eak 279 L/s (465 x 0.6 = 279 L/s). Using seal class A the sane
ductwork would leak 140 L/s (465 x 0.3 = 140 L/s) using | eakage
class 6. The ductwork in each case nust be constructed in the
required pressure classification netal gauges and rel ated

rei nforcenent.



FI GURE 4 DUCT LEAKAGE FI GURE 5 DUCT LEAKAGE
CLASSI FI CATI ONS (METRI C) CLASSI FI CATIONS (1.P.)

| . P. EXAVPLE

5000 square feet of rectangular duct at 1 in.w g. average
pressure using seal class C and | eakage class 24 (transverse
joints only) would | eak 1200 cfm (5000 x 24/100 = 1200 cfnm).

Usi ng seal class B and | eakage class 12, the sanme ductwork woul d
| eak 600 cfm (5000 x 12/100 = 600 cfm. Using seal class A the
same ductwork would | eak 300 cfm (5000 x 6/100 = 300 cfm using

| eakage class 6. The ductwork in each case nust be constructed

in the required pressure classification netal gauges and rel ated
rei nforcenent.

PREDI CTI NG LEAKAGE

Table 4 allows a system designer to predict the percent of duct
air | eakage by dividing the HVAC unit fan capacity by the total
square neters (square feet) of duct surface, using the | eakage

cl ass, and then the average internal duct static pressure. For
exanple, if the above 465 nf (5000 ft?) duct systemhad a 6975 L/s
(15,000 cfm fan, the L/'s per nf in the second col um of Table 4



woul d be 15 (6975/465 = 15) or in |.P. units, the cfmft? in the
second colum of Table 4 would be 3 (15,000/5,000 = 3). A duct
systemwi th a | eakage class of 6 (seal class A) would have 4.1
percent air |eakage at 750 Pa (3 in.w. g.) average or 3.1 percent
| eakage at 500 Pa (2 in.w.g.) average. Table 4 does not include

HVAC unit or termnal unit connection | eakage, which nust be
added.

TABLE 3 APPLI CABLE LEAKAGE CLASSES

DUCT CLASS 12,1, 2 in.w.g. 3in.w.g. 4,6,10in.w.g.
(125, 250,500 Pa) (750 Pa) (1000,1500,2500 Pa)
SEAL CLASS NONE C B A
APPLICABLE N/A TRANSVERSE TRANSVERSE ALL JOINTS,
SEALING JOINTS ONLY JOINTS AND SEAMS SEAMS AND WALL
PENETRATIONS

LEAKAGE CLASS (Cv) cfm/100 sq. Ft (L/s per m?) at 1 in.w.g. (250 Pa0

RECTANGULAR 48 24 12 6
METAL
ROUND AND OVAL 30 12 6 3
ROUND AND OVAL N/A 6 N/A N/A
METAL
ROUND N/A 3 N/A N/A
FIBROUS GLASS

The often specified "maxi num of 1% | eakage" is al nost inpossible
to attain under normal system design conditions (one percent

| eakage or less are the shaded nunbers in Table 4). Two to ten
percent duct air |eakage generally is found throughout the

i ndustry for average size HVAC systens. Note in Table 4 that the
| arger the system and/or the higher the average duct static
pressure, the greater the duct | eakage will be, even in the best,
totally seal ed duct systens.
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TABLE 4 LEAKAGE AS A PERCENTAGE OF SYSTEM Al RFLOW

System Airflow AVERAGE STATIC PRESSURE in.w.g. (Pa)
LEAKAGE
CLASS Lis 1/2 1 2 3 4 6
cfm/ft2 per m? (125) (250) (500) (750) (1000) (1500)
48 2 10 15 24 38
25 12.7 12 19 30
3 15 10 16 25
4 20 7.7 12 19
5 25 6.1 9.6 15
24 2 10 7.7 12 19
25 12.7 6.1 9.6 15
3 15 5.1 8.0 13
4 20 38 6.0 9.4
5 25 3.1 4.8 75
12 2 10 38 6 9.4 12
25 12.7 31 4.8 75 9.8
3 15 26 4.0 6.3 8.2
4 20 19 3.0 4.7 6.1
5 25 15 24 38 4.9
6 2 10 19 3 4.7 6.1 7.4 9.6
25 12.7 15 2.4 38 4.9 5.9 7.7
3 15 13 2.0 31 4.1 4.9 6.4
4 20 1.0 15 2.4 31 37 4.8
5 25 0.8 12 19 24 3.0 3.8
3 2 10 1.0 15 2.4 3.1 3.7 4.8
25 12.7 08 12 19 2.4 3.0 3.8
3 15 0.6 1.0 16 2.0 25 3.2
4 20 05 08 13 16 2.0 2.6
5 25 0.4 0.6 0.9 1.2 1.5 1.9
Using the fan laws, a 4.1 percent air |eakage will increase 7.5

watts fan power (10 fan brake horsepower) to 8.46 W (11.28 BHP).

.3 3
5 oats
FP _ ?&+ . Fp, = 75 ?ﬂg = 846 W or
FP: Qo 109
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FpP, = 10 %— B = 11.28 BHP

So, 4.1 percent | eakage causes over an el even percent increase in
the fan power requirenents. A nore realistic 6.1 percent |eakage
woul d increase the 7.5 W (10 BHP) requirements to 8.96 W(11.94
BHP), over a nineteen percent increase.

.3
FP, = 7.5 E@Q = 896 W
10 &
.3
FP, = 10 géie’lg = 11.94 BHP
10 &

Unfortunately, nmany system designers do not include this extra
fan airflow and energy requirenents in their HV/AC unit fan

sel ection. However, TAB technicians usually can determ ne the
anount of duct air |eakage using field nmeasurenents.

SYSTEM EFFECT

System Effect is the derating or |oss of capacity of a fan caused
by poorly designed duct fittings at, or close to, the fan

di scharge and inlet. |In addition to the generally unknown
probl em of system effect, TAB technicians cannot neasure system
effect in the field. Approximte fan capacity |osses caused by
systemeffect only can be cal cul ated usi ng di nensi onal

measur enents of the fan-ductwork connections and using data from
tabl es and charts found in the Air Movenent and Control
Associ ati on (AMCA) Publication 201CFans and Systens. This
information al so has been reprinted in ASHRAE, NEBB and SMACNA
publ i cati ons.

The diagonal lines in Figure 6 (Page 13) are called system effect
curves. Any deviation froma straight piece of fan di scharge
duct within the "effective | ength" distance shown in Figure 7
(Page 13) may create a systemeffect. The reason is that
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centrifugal fans are tested and rated by AMCA exactly as shown in
Figure 7, i.e., no inlet duct and a straight discharge duct of at
| east the length of 2-1/2 duct dianeters.

FI GURE 6 SYSTEM EFFECT FI GURE 7 SYSTEM EFFECT CURVES
CURVES ( AMCA) FOR OUTLET DUCTS ( AMCA))

For exanpl e, an exhaust fan on a roof w thout a discharge duct
(assune a blast area ratio of 0.7 in Figure 7) would have an AS}
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systemeffect curve. Using Figure 6 [assune an outlet velocity
of 10 ms (2000 fpm], a pressure loss of 50 Pa (0.2 in.w.g.) is
obtai ned. That neans that the rated static pressure capacity of
the fan is lowered by 50 Pa (0.2 in.w.g.).

FI GURE 8 QUTLET ELBOAS ON SWBI CENTRI FUGAL FANS ( AMCA)

I f an el bow (position C) was installed directly at the fan

di scharge, a "P" systemeffect curve would be obtained from
Figure 8. Using the sane 10 m's (2000 fpm in Figure 6 (Page
13), the systemeffect loss is 125 Pa (0.5 in.w.g.).

System effect |osses al so nust be calculated for nost fan inlet
duct connections. Conbined | osses for both the inlet and outl et
of a fan easily can exceed 250 Pa (1 in.w.g.) for each HVAC
system fan. That could be a systemtotal of 500 Pa (2 in.wg.)
when both a supply air fan and return air fan are used.

Figure 9 illustrates deficient fan/system perfornmance caused by
systemeffect. Curve A shows the HVAC system airfl ow capacity
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and pressure | oss that has been cal cul ated. The system desi gner
selected the fan to operate at Point 1 on system curve A

However, no all owance has been made for the effect of duct system
connections on the fan performance. To conpensate, a system
effect factor nust be added to the cal cul ated system pressure

| osses to determ ne the new system curve B that should be used to
sel ect the fan.

FI GURE 9 EFFECTS OF SYSTEM EFFECT ( ASHRAE)

The point of intersection between the initially selected fan
performance curve and this new "phantoni system curve B is Point
4. Therefore, the actual systemflow volune is deficient by the
difference fromPoint 1 to Point 4. Oten the fan manufacturer
w Il be blanmed for deficient fan perfornmnce!

To achi eve the design airflow volunme, a systemeffect factor
equal to the pressure difference between Point 1 and point 2 nust
be added to the cal cul ated system pressure | osses. The fan
shoul d be selected to operate at point 2 where a new, higher fan
rpmcurve crosses phantom system curve B. A higher fan power
(watts or brake horsepower) also will be required.

When a TAB technician neasures the actual HVAC system conditions

with the corrected fan rpm the airflow volune and static
pressure will be established as point 1, because that is where
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the systemactually is operating. The systemis not operating on
t he phantom system curve, which was used only to select the
derated capacity fan rpm System effect cannot be neasured in
the field, but only calculated after a visual inspection is nmade
of the fan/duct system connections.

Because systemeffect is velocity related, the difference between
points 1 and 2 is greater than the difference between points 3
and 4. The systemeffect factor includes only the effect of the
system configuration on the fanss performance. All duct and duct
fitting pressure | osses are cal culated as part of the HVAC system
pressure | osses and remain a part of system curve A

TESTI NG, ADJUSTI NG AND BALANCI NG

All of the above possible problens should be found by a TAB
techni ci an enpl oyed by a nationally certified TAB firm when the
systemis conmm ssioned. However, corrections at that tinme can be
very costly. Taking the worst case scenarios fromthe above
system capacity |l oss problens, if they were applied to nore than
one HVAC systemin a building, they could present a nonunental
task to the TAB technicians and all others invol ved.

EXAMPLE

A 6975 L/s (15,000 cfm) airflow system operating at 971 Pa (3.9
in.w.g.) Wth 465 nf (5000 ft?) of rectangular netal duct surface
will be used for this exanple. It is assunmed that no all owances
have been made by the design engi neer.

First of all, if the sheet netal contractor installed internally
I ined ductwork instead of externally insulating it, an increase
of 670 pascals (2.6 in.w.g.) O static pressure would be added to
the fan capacity.

Next, if the around-the-beamfitting was installed as described
with turning vanes m ssing, another 554 pascals (2.31 in.w.g.)
woul d be added.
For duct | eakage, Table 4 (Page 11) indicates a 3.1 percent
| eakage at a 500 Pa (2 in.w. g.) average duct pressure (|eakage
class 6). To calculate the | osses:

6975 L/s x 0.031 = 216 L/s |l oss

15,000 cfmx 0.31 = 465 cfm | oss
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Then add approxi mately one percent for HVAC unit and term nal
unit connection | osses. The duct system | eakage totals are:

216 + 70 = 286 L/s

465 + 150 = 615 cfm

Wth a 90E el bow directly attached to the HVAC unit | ooking up
(position Cin Figure 8 on Page 14), the systemeffect static
pressure (SP) loss is 125 Pa (0.5 in.w.g.). Factory-built HVAC
units often have systemeffect on the inlet side of the fan(s)
that usually does not exceed 63 Pa (0.25 in.w.g.), which is used
for this exanple.

Fan inlet SP | oss
Fan outlet SP | oss
Total fan system effect

63 Pa (0.25 in.wg.)
125 Pa (0.50 in.w.g.)
188 Pa (0.75 in.w.g.)

To total all of the above increases to the specified fan
capacity:

ltem AirflowCL/s (cfm SPCPa (in.w.g.)
Specified fan 6975 (15, 000) 971 (3.90)
Strai ght duct |oss - - - 670 (2.60)
Breamfitting | oss - - - 554 (2.31
Duct air | eakage 286 (615) - - -
System Ef f ect - - - 188 (0.75)
Revi sed fan capacity 7261 (15, 615) 2383 (9. 56)

Using a table froma typical fan catalog, one finds that a
forward curved (FC) fan producing 7261 L/s at 2388 Pa (15,615 cfm
at 9.56 in.wg.) SP requires 28.7 W(38.2 BHP) and is O ass |
constructed fan at 1500 rpm

The specified 6975 L/s (15,000 cfm fan requires 9.4 W(12.5 BHP)
and is a Cass | constructed fan operating at 1143 rpm The duct
system connected to the HVAC unit now is actually handling 7261
L/s at 2195 Pa (15,615 cfmat 8.81 in.w.g.), which puts it into a
much heavier 2500 Pa (10 in.w.g.) construction pressure
classification. [Systemeffect of 188 Pa (0.75 in.w.g.) is not

i ncluded for duct |osses]. As the average duct system pressure
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i s higher, duct |eakage al so nust be recal cul ated. The ductwork
is now heavier, but still in |eakage class 6, so the |eakage is
close to 5 percent, increasing the total fan airflowto 7324 L/s
(15,750 cfm.

Finally, the only way to avoid the above problens is to 1) enpl oy
a conpetent HVAC system desi gn engi neer who realistically

i ncl udes system | eakage and proper HVAC unit connections and duct
fittings in the HVAC system pl ans and specifications; 2) inspect
the system conponents and installation nmethods used during
construction; and 3) use a certified testing, adjusting and

bal ancing (TAB) firmto nonitor the above work fromthe bidding
stage to the conpletion of construction. Then there will be no
surprises, no problens, and no delays to keep fromputting often
costly HVAC systens into operation. Al so the HVAC System owner
woul d not be paying over 3 tinmes the ongoing cost of electrical
energy for each systemw th simlar problens for years to foll ow

AUTHORS ADDRESS: W David Bevirt, P.E., CMS
NEBB
14046 North Fawnbrooke Drive
Tucson, Arizona 85737
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